Porphyrins can stabilize Au^III^ ions in solution,([@ref1]) thus acting as efficient electron acceptors and making them efficient catalysts^[@ref2],[@ref3]^ as well as highly potent medical agents with specific antitumor and anti-HIV activity.^[@ref4]−[@ref8]^ The photonuclease activity of water-soluble Au^III^ porphyrins for sequence-specific catalytic DNA cleavage, for instance, has recently been demonstrated.^[@ref8],[@ref9]^ To minimize damage of nontumor cells, a targeted drug delivery in the body is desirable. An increasingly attractive carrier system for therapeutical agents^[@ref10],[@ref11]^ and biomarkers([@ref12]) are nanoparticles providing well-defined facet surfaces for the functionalization with agent molecules. In particular, the functionalization of gold nanoparticles with porphyrins has been recently realized.^[@ref11],[@ref13]^ For a successful functionality control the stabilization of the desired reactive state and accessibility of the frontier orbitals of the active center are of utmost importance, necessitating an appropriate interaction between the agent and its support.

As pointed out in a recent *in vitro* study by Lum *et al*.,([@ref14]) Au^III^-tetraphenylporphyrin (AuTPP) is an effective, physiologically stable antitumor agent. First hints on a conservation of the required active Au(III) state of AuTPP in contact with a gold template by Müllegger *et al*.([@ref15]) are a promising starting point for the development of a nanoparticle-supported agent system tailored to an improved selective drug delivery. Here we report on a single-molecule study of \[Au^III^TPP\]^+^Cl^--^ on Au(111) as a model system for nanoparticle-supported drug delivery and demonstrate that main design criteria are fulfilled. (i) The Au^III^ oxidation state of AuTPP relevant for the antitumor activity is preserved on Au(111) facets. (ii) The charge state of the \[Au^III^TPP\]^+^ cation leads to a negative image charge in the conducting template, which can be utilized to shift the chemically active d orbitals of the Au center to desired energy levels, and thereby, making them active or inactive. The presented experimental and theoretical results provide mechanistic insight into fundamental atomistic processes, resulting in an interaction scheme with relevance for supported ionic metalorganic agents, in general, comprising an active metal ion center with differently stable oxidation states.

Results and Discussion {#sec2}
======================

Verifying \[Au^III^(TPP)\]^+^ Cations on Au(111) Facets {#sec2.1}
-------------------------------------------------------

The low-temperature (LT) scanning tunneling microscopy (STM) topograph of [1](#fig1){ref-type="fig"}a shows the sample surface at 7 K after room-temperature deposition of our model agent molecule, Au^III^ 5,10,15,20-meso-tetraphenylporphyrin chloride (\[Au^III^(TPP)\]^+^Cl^--^). Two different adsorbate species labeled 1 and 2, both not detected on the pristine substrate, are clearly observed. The first species is adsorbed atop Au herringbone elbows and is easily identified as single AuTPP molecules by their characteristic size, shape, and intramolecular features (see [1](#fig1){ref-type="fig"}c).^[@ref15],[@ref16]^ No topographic evidence for a Cl^--^ counterion attached to individual AuTPP moieties is found by STM, in accordance with our X-ray photoemission spectroscopy (XPS) results (see below). The second species appears as structureless circular protrusion with a diameter of less than 8 Å. Its coverage observed by STM is considerably lower than that of AuTPP throughout the sample surface. It is plausible to attribute species 2 to chlorine and assume that a major fraction of the chlorine arriving at the surface is desorbed at room temperature. We note that the interaction of chlorine with Au(111) is strongly coverage dependent and controversially discussed in the literature.^[@ref17],[@ref18]^ The interpretation of the STM images is supported by our XPS results of mono- and multilayer films of \[Au^III^TPP\]^+^Cl^--^ complementing the ultralow submonolayer STM samples. The photoemission spectra and respective binding energies are compiled in [1](#fig1){ref-type="fig"}d and [1](#tbl1){ref-type="table"}, respectively. [1](#fig1){ref-type="fig"}d displays the XPS Au 4f region of monolayer samples. Since the Au 4f lines of the substrate are much stronger than the molecule related peaks, we subtracted the signal of the freshly cleaned substrate as obtained directly before evaporation the molecules. For this the substrate signal was scaled to take into account the damping by the organic layer. A doublet peak structure is observed with fitted binding energies of 88.4 and 91.7 eV (green). As expected, the Au 4f and Cl 2p binding energies of multilayer films on Au(111) are in agreement with literature values of Au^III^ and Cl^--^ ions listed in the bottom part of [1](#tbl1){ref-type="table"}. The total intensity of the Au 4f doublet relative to the carbon signal (not shown) is consistent with the intensity expected for a homogeneous layer assuming that all molecules are in the Au^III^ state. There is no significant change of the Au 4f binding energies between the multi- and monolayer, confirming that in the monolayer the high oxidation state of the central Au^III^ ion is preserved. Moreover, no Cl^--^ signal was detected for AuTPP monolayer coverage on Au(111), suggesting that Cl^--^ separates from the AuTPP complex upon adsorption and partially desorbs upon AuTPP monolayer formation at room temperature. The remaining AuTPP species are stabilized as \[Au^III^TPP\]^+^ cations on the conducting template--consistent with the STM findings at ultralow coverage.

![(a) LT-STM topograph of a Au(111) facet after room temperature deposition of \[Au^III^(TPP)\]^+^ Cl^--^ (130 × 65 nm^2^, +1 V, 30 pA) revealing two different species labeled 1 (\[Au^III^(TPP)\]^+^) and 2 (chlorine). (b) Chemical structure of \[Au^III^(TPP)\]^+^. (c) Three-dimensional view of high-resolution STM image of a single \[Au^III^(TPP)\]^+^ (+50 meV, 10 pA). (d) XPS spectrum of the Au 4f region of a monolayer of Au^III^TPP^+^ on Au(111) obtained after subtracting the scaled signal of a freshly cleaned Au(111) surface; the Au^III^ 4f doublet lies at 88.4 and 91.7 eV; the broad single peak centered at 84.5 eV is a residual structure from the subtraction procedure.](nn-2011-01708c_0003){#fig1}

###### XPS Core-Level Binding Energies (eV) of Au 4f and Cl 2p for \[Au^III^TPP\]^+^Cl^--^ Mono- and Multilayer Films on Au(111) and Literature Values

                                  Au     Cl                                             
  --------------- --------------- ------ ------ --------------------------------------- ------------
  AuTPP (multi)   on Au(111)      88.1   91.8   197.9                                    
  AuTPP (mono)    on Au(111)      88.4   91.7   NA[a](#tbl1-fn1){ref-type="table-fn"}    
                                                                                         
  Au^III^         NaAuCl~4~       87.4   91.1                                           ([@ref19])
  Au(OH)~3~       87.7            91.4          ([@ref20])                              
  Au complex      88              91.7          ([@ref21])                              
                                                                                         
  Au^I^                           84.6                                                  ([@ref22])
                  84.7                          ([@ref23])                              
                                                                                         
  Au^0^           solid Au        83.9   87.6                                           ([@ref24])
  Cl ^--^                                       199.0                                   ([@ref19])
                  on Au surface                 197.0                                   ([@ref19])

NA = not applicable.

Substrate Effects on Frontier Orbitals {#sec2.2}
--------------------------------------

In addition to stabilizing the active Au^III^ state, the chemical accessibility of the frontier orbitals is mandatory for preserving the desired activity of the surface-supported agent molecules. Thus, identifying possible effects on the frontier MOs is cruical. LT-STM and scanning tunneling spectroscopy (STS) investigations of individual \[Au^III^(TPP)\]^+^ ions on Au(111) uncover the details of the frontier-orbital electronic structure. The tunneling spectrum of [2](#fig2){ref-type="fig"}a shows the energy-dependence of the local tunneling conductance under constant-current conditions with the tip positioned over the center of a single \[Au^III^(TPP)\]^+^ ion. An increased signal indicates resonant electron tunneling through specific electronic states of the adsorbate (states 2--4, 9, 10), the substrate (states 1, 6--8) and the adsorbate/substrate interface (state 5). The resonant energies of the respective states are indicated by vertical bars in the spectrum. [2](#tbl2){ref-type="table"} summarizes the assignments of the electronic states and orbitals. Compared to the spectrum in ref ([@ref15]), an additional sharp peak (state 4) is detected due to the optimized tunneling parameters of the present study as shown in [2](#fig2){ref-type="fig"}a. State 4 is centered at the low energy edge of the highest occupied molecular orbital (HOMO) indicating a significantly different electronic configuration of the adsorbed AuTPP compared to AuTPP in solution. In the latter case, the ligand-field split Au 5d-orbitals mix strongly to the LUMO of the complex but not the HOMO, similar to the gas-phase behavior.^[@ref15],[@ref25]^ Most strikingly, state 4 is exceptionally narrow, thus pointing to a weak coupling of the complex with molecular vibronic states([@ref26]) and electronic states of the substrate.^[@ref27],[@ref500]^[2](#fig2){ref-type="fig"}b displays conductance maps (see [Methods](#sec4)) recorded at the resonant energies of states 2--10. Each state is easily distinguished by its characteristic spatial conductance pattern. In the case of state 4 (at −1.25 eV), distinct changes are detected within a narrow energy range of only ±0.15 eV, where maximum conductance is measured directly over the center of the molecule (at −1.2 V in [2](#fig2){ref-type="fig"}). Obviously, state 4 has strong contributions of the Au^III^ center ion as well as of pyrrole N and phenyl C atoms, in clear contrast to the neighboring states 3 and 5 where both exhibit nodal planes of reduced conductance through the center. Contrary to the HOMO, the Au-orbital mixing to the lowest unoccupied molecular orbial (LUMO, state 9) is only weakly affected by the adsorption process on Au(111). The respective conductance maps of [2](#fig2){ref-type="fig"}b indicate a nonzero mixing of Au^III^ atomic orbitals to unoccupied MOs up to energies of at least +2 eV. The Au^III^ ion mixes to both, HOMO and LUMO, which makes it chemically accessible in catalytic energy transfer processes. The conductance maps of states 2, 3, and 10 reveal that the pyrroles and meso carbons (C~meso~) dominate the respective MOs. We remark that the effect of herringbone elbows on the d*I*/d*V* signature limits itself to a slight reduction of the HOMO--LUMO gap caused by asymmetric deformations of the molecule;([@ref16]) the MO mixing characteristics appears only weakly affected.

![(a) Experimental electron tunneling spectrum of single \[Au^III^(TPP)\]^+^ cations stabilized on a Au(111) surface recorded with the tip over the molecule center; *G*~0~ = 2*e*^2^/*h* ≈ 77.48 μS; multiple Gaussian peaks are fitted to the experimental data (green) indicating distinct states as listed in Table [2](#tbl2){ref-type="table"}. (b) Imaging of MOs of single \[Au^III^(TPP)\]^+^: conductance maps (2.5 × 2.5 nm^2^) obtained at different energies relative to the substrate Fermi level *E*~F~; structural models of the molecular backbone are overlaid.](nn-2011-01708c_0004){#fig2}

###### Deconvolution of the Experimental Tunneling Spectrum of [2](#fig2){ref-type="fig"}b of a Single \[Au^III^TPP\] ^+^ Ion on Au(111)[a](#tbl2-fn1){ref-type="table-fn"}

  state   energy (eV)     fwhm   assignment        DFT calculated orbital contributions
  ------- --------------- ------ ----------------- ----------------------------------------------------------
  1       \< --2                 substrate         d (Au)
  2       --1.68 ± 0.01   0.40   HOMO -- 2         p~*z*~ (N, C~pyr~)
  3       --1.39 ± 0.01   0.27   HOMO -- 1         p~*z*~ (N, C~pyr~)
  4       --1.25 ± 0.01   0.1    HOMO              d~π~ (Au^III^), p~*z*~ (N, C~pyr~, C~ph~)
  5       --0.8 ± 0.1     0.35   interface         p~*z*~ (C~pyr~, C~meso~, N), p~*x*,*y*~ (C~ph~)
  6       --0.5                  Au(111) surface    
  7       +0.25 ± 0.1            substrate         d (Au)
  8       +0.65 ± 0.1            substrate         d (Au)
  9       +1.12 ± 0.01    0.16   LUMO              d~*x*^2^--*y*^2^~ (Au^III^), p~*z*~ (C~pyr~, C~meso~, N)
  10      +1.31 ± 0.01    0.26   LUMO + 1          p~*z*~ (C~pyr~, C~meso~)

Electronic state energies and the full width at half maximum (fwhm) were obtained by a least-squares fit of the states 2--5, 9, and 10 by Gaussian peaks; all other energy and fwhm values are directly determined from the spectrum.

Theoretical Analysis of Metal--Ligand Bonding {#sec2.3}
---------------------------------------------

The metal--ligand bonding is elucidated on an atomic scale by confronting the experimental results with first principles calculations of single \[Au^III^(TPP)\]^+^ ions on Au(111) \[VASP code, see [Methods](#sec4)\]. [3](#fig3){ref-type="fig"}a presents the calculated density of states projected onto states of different molecular units (PDOS) that contribute strongly to the MOs observed in the conductance maps of [2](#fig2){ref-type="fig"}b, that is, Au^III^, N, C~meso~, pyrrole C (C~pyr~), and phenyl C (C~ph~) as well as the substrate. Vertical dotted lines in [3](#fig3){ref-type="fig"}a mark the positions of respective STS states as indicated in [2](#fig2){ref-type="fig"}. Note that absolute energy values obtained by DFT may deviate by several 0.1 eV from experimental values.([@ref28]) The upper insets of [3](#fig3){ref-type="fig"}a show constant-current Tersoff--Hamann STM simulations of a single \[Au^III^(TPP)\]^+^ on Au(111) at energies of HOMO and LUMO obtained from our DFT results; they are consistent with experimental LT-STM images([@ref15]) as well as conductance maps of [2](#fig2){ref-type="fig"}b. The assignment of the calculated PDOS to STS states indicated in [3](#fig3){ref-type="fig"} is based on a comparison with the most intense intramolecular units imaged in the conductance maps of Figure 1b. The contributing atomic orbitals are listed in the right column of [2](#tbl2){ref-type="table"}.

In good agreement with experiment, the calculations reveal energetic resonance of the Au^III^ d~π~ orbitals (d~*yz*~, d~*zx*~ with *z* components) with p~*z*~ orbitals of N, C~pyr~, and C~ph~. In particular, the small spatial separation enables strong orbital intermixing of Au^III^ and the pyrroles. Furthermore, a strong overlap of the Au^III^ d~*x*^2^--*y*^2^~ with orbitals of N, C~pyr~, and C~meso~ is indicated, all of them constituting the LUMO. Note that the *d*~*x*^2^--*y*^2^~ orbital contribution appears less intense in the respective conductance map (state 9 in [2](#fig2){ref-type="fig"}), because the overlap between tip and sample wave functions is weak due to incompatible orbital symmetries. Note that in the case of pure W tips the surface state is d~*z*^2^~-derived,([@ref29]) while for Au-coated tips the Au surface state is sp-derived.^[@ref29],[@ref30]^ Although the Au^III^ ion is energetically in resonance with extended d states of the substrate *via* the d~π~ electrons of state 4, the overlap of the respective wave functions is weak because of its large vertical separation from the surface (∼4.2 Å).([@ref16]) Also the covalent bonding between the porphyrin and the substrate is weak, involving only those parts of the phenyl groups that are closest to the surface \[see differential charge density plot of [3](#fig3){ref-type="fig"}b\]. A crystal orbital overlap population analysis of the Au^III^--N bond confirms a weakly bonding character for HOMO and a stronger antibonding character for LUMO.

State 5 exhibits p~*z*~ orbital contributions from the porphyrin (N, C) but not from Au^III^ (note the scaling factor of 0.2 applied to the PDOS curve of C~ph~). Its strongly involved molecular units, C~pyr~ and C~ph~, lie about 0.4--0.8 Å closer to the substrate than the Au^III^--N core indicating coupling to electronic states of the substrate. Accordingly, state 5 is a mixed state. This is corroborated by the fact that the conductance map of state 5 strongly resembles that of state 6, which relates to the s--p-derived surface state of Au(111).([@ref31]) To obtain the surface state by the DFT calculation a much larger supercell would be required,([@ref32]) which was far beyond the available computing time. In contrast to state 5, a mixed interface state that strongly involves the central metal ion was reported for CoTPP.([@ref27]) A detailed analysis reveals that the onset of state 6 lies in the energy range where on the pristine Au(111) the surface state is observed. Since the latter is highly sensitive to coupling with other atomic or molecular states, the observed state 6 suggests that the coupling of electronic states of the adsorbed \[Au^III^(TPP)\]^+^ ion with the surface state is negligible in agreement with our DFT results. States 7 and 8 originate from the substrate as indicated by the absence of molecule contributions to the PDOS. The steep increase of d*I*/d*V* below about −2 V is attributed to enhanced tunneling out of the substrate d band (state 1). In summary, the energetic resonances obtained with DFT calculations fit all states identified in the STS experiments and provide insight into the atomic orbitals contributing to the respective MOs.

Image Charge Mimics Axial Ligand {#sec2.4}
--------------------------------

The square-planar tetracoordinate complexation with the four pyrroles of the porphyrin favors the 5d^8^ electronic configuration of Au^III^.([@ref33]) A possible neutralization of \[Au^III^(TPP)\]^+^*via* a one-electron transfer from the substrate necessitates the energetically unfavorable occupation of the LUMO. In the atomic orbital picture, this means the formation of a Au^II^ state with 5d^9^ configuration, that is, an unpaired electron in the Au 5d~*x*^2^--*y*^2^~ orbital that contributes strongly to the (antibonding) LUMO. Instead, the positively charged state of AuTPP is stabilized similar to AuTPP in solution, where the \[Au^III^(TPP)\]^+^ cation is balanced by the negative countercharge of the chloride ions. This reasoning rationalizes the suppressed discharging of \[Au^III^(TPP)\]^+^ ions on the gold surface observed in the experiment, that is, the AuTPP moiety remains a cation upon adsorption. The latter implies a negative image charge in the substrate close to the interface that modifies the ligand field and, accordingly, affects the metal--ligand bonding interaction. Complementary to our VASP results (based on plane-wave functions), gas-phase DFT calculations with localized basis functions yield discrete MO levels as well as the linear combination of atomic orbitals (LCAO) coefficients, *c*~*i*~. The latter enable a more detailed analysis of the image charge effect based on the identification of MOs with contributions from Au^III^.

![DFT results of adsorbed \[Au^III^(TPP)\]^+^. (a) Calculated PDOS curves of different atomic groups displayed in separate colors (compare lower inset for color code); dotted vertical lines mark distinct states observed in conductance experiments (see text and compare Figure [2](#fig2){ref-type="fig"}); (upper insets) constant-current Tersoff--Hamann STM simulation of a single \[Au^III^(TPP)\]^+^on Au(111) at −2 V (left) and +0.9 V (right) bias voltage. (b) Side view of the DFT-calculated differential charge density of \[Au^III^(TPP)\]^+^ adsorbed on Au(111); red (blue) means a reduction (accumulation) of negative charge density compared to the isolated molecule in the gas phase.](nn-2011-01708c_0005){#fig3}

![Gas-phase DFT simulations of an electrostatic image charge model with a point charge of −1*e* in axial position to the AuTPP^+^ complex acting as a negative countercharge. (a) Energy shifts, Δ*E*, of MOs with different *z* components as a function of the point-charge separation, Δ*z*, relative to isolated AuTPP^+^; MOs with strong *z* components exhibit stronger shifts compared to MOs with dominant *x* and *y* components. (b) Distance-dependence of Au d orbital contributions to the HOMO with *z* components; (inset) Au d~π~ contribution projected onto the *z* component of the HOMO.](nn-2011-01708c_0001){#fig4}

In the absence of a negative image charge, d orbitals are zero-field split by the square-planar tetracoordinate ligand field of the four porphyrine pyrroles, and each of them contributes to several different MOs of the AuTPP. The resulting intricate orbital mixing scheme can be simplified, in a first step, by analyzing only MOs with significant contributions of Au d orbitals with *z* component (the *i*th atomic-orbital contribution to a particular MO, *f*, is approximated by *f* = *c*~*i*~^2^/∑~*j*~*c*~*j*~^2^). The highest lying of these MOs (MO158) is about 1.6 eV below the HOMO (MO169) and has a strong Au d~π~ contribution of *f*(*d*~π~) = 0.1. Stronger Au d~π~ contributions lie even lower in energy, namely about 4.5 eV and more below the HOMO and with *f*(*d*~π~) values up to ∼0.3.

The presence of a negative image charge raises the potential energy of all MOs. In a series of model calculations the image charge effect is approximated by introducing a negative elementary point charge (−1*e*) located at variable distances in axial position to \[AuTPP\]^+^. [4](#fig4){ref-type="fig"}a juxtaposes the respective energy shifts of exemplary MOs relative to the case with no point charge. Notably, the magnitude of the shift depends not only on the axial separation from the point charge, Δ*z*, but also on the *z* component of the respective MO. The overall energy shift is determined by the Coulomb potential, Δ*E*~pot~ = (^1^/~4~πε~0~)(*e*^2^/Δ*z*), plotted as a dotted curve in [4](#fig4){ref-type="fig"}a. A detailed analysis shows that MOs with strong *z* components exhibit larger shifts (d~*z*^2^~ and d~π~, green curves) than MOs with dominant *x* or *y* components (blue curves), consistent with crystal field theory.

The enhanced upshift of atomic orbitals with *z* components by the Coulomb potential effectively increases their contributions to energetically higher lying MOs. A detailed analysis of the Au d orbital contributions to the HOMO (*f* values in %) reveals a strong increase of the d~π~ fraction at axial separations smaller than 5 Å as illustrated in [4](#fig4){ref-type="fig"}b. The respective *f* values are obtained by summing orbital contributions over an energy range of ∼0.7 eV below the HOMO (that is, including the three highest occupied MOs). We remark that a Mulliken population analysis([@ref34]) yields similar results. Near Δ*z* = 4 Å the d~π~ fraction reaches a maximum of about 2%, while the d~*z*^2^~ fraction remains zero. The effect of Δ*z*-dependent Au d~π~ to the HOMO becomes even more striking, when the d~π~ contribution is compared with the overall *z* component of the HOMO. The inset of [4](#fig4){ref-type="fig"}b shows that at Δ*z* ≈ 4.2 Å the full *z* component of the HOMO comes exclusively from the d~π~ of the central Au ion and accounts for the sharp Au resonance observed by STM ([2](#fig2){ref-type="fig"}). Thus, the rather simple electrostatic model---treating the image charge *via* the *trans* effect([@ref35]) of a "fifth ligand"---yields an intriguingly good description of the STM and VASP results that indicate a Au d contribution of 5--10% to the HOMO (see [2](#fig2){ref-type="fig"} and [3](#fig3){ref-type="fig"}). Furthermore, our simulations show that the STM tip as "sixth ligand" at a distance of \>6 Å above the molecule does not significantly affect the presented experimental results (compare [4](#fig4){ref-type="fig"}b).

Conclusions {#sec3}
===========

Our combined experimental and theoretical study demonstrates that Au(111) facets are, indeed, a suitable template for functionalizing transferable nanoparticles as a therapeutic drug delivery system of cationic gold(III)-porphyrin derivatives. We uncover the exceptional adsorption behavior of individual \[Au^III^(TPP)\]^+^ adsorbed on Au(111), and provide a bonding scheme explaining the origin of the Au^III^-oxidation-state stabilization crucial for the medical functionality. The interaction of \[Au^III^(TPP)\]^+^ with the Au(111) surface is unique in several respects compared to that of other transition metal porphyrins: (1) Orbital overlap of the active Au^III^ center and the substrate is weak, which is essential for preserving its specific catalytic properties; (2) the Au^III^ d states mix considerably to both chemically relevant HOMO and LUMO; (3) a substantial image charge is induced in the metal substrate mimicking a "fifth ligand", which substitutes the role of the Cl^--^ counterions in solution; (4) the latter facilitates the decisive upshift of Au d~*z*~ orbitals to the HOMO. For an appropriate image potential, the Au d contribution to the chemically relevant frontier orbitals can be actively controlled *via* the *trans* effect. The observed exceptional adsorption mode is of general relevance for functionalizing nanocrystal facets with molecular agents that require the stabilization of a particular ionic state for a tailored catalytic activity.

Methods {#sec4}
=======

The Au(111) surface was prepared by repeated cycles of 0.5 keV Ar^+^ bombardment and annealing at 820 K. \[Au^III^TPP\]^+^ Cl^--^ was thermally evaporated from a thoroughly degassed glass cruicible at a source temperature of 463 K and a pressure of less than 1 × 10^--9^ mbar onto Au(111) held at 300 K.

STM experiments were performed at 7 K and a base pressure below 5 × 10^--11^ mbar. W tips were electrochemically etched, vacuum-annealed above 1100 K, and subsequently Au-coated by controlled indentation into the pristine gold surface. The bias voltage, *V*, was applied to the sample. Compared to earlier work from our group,([@ref15]) the STS experiments were optimized by using two times larger tunneling currents and acquisition times and linearly decreasing the tunneling distance up to 50 pm with decreasing \|*V*\|. The set-point was +1 V, 30 pA, and *z*-offset ≤ 200 pm prior to deactivation of the feedback loop for recording the local differential tunneling conductance, d*I*/d*V*, with a sweep time of 120 s. The d*I*/d*V* signal was obtained with lock-in technique and a sinusoidal modulation peak-to-peak voltage of *V*~pp~ = 20 mV and 1 kHz added to *V*. Reliable judgment of the cleanliness and condition of our STM tips was based on routinely monitoring the d*I*/d*V* signature of the Au(111) surface state obtained over pure substrate regions and crosschecking its position and shape with literature values.([@ref36]) Conductance maps (spectroscopic images) were obtained by recording d*I*/d*V* point-by-point while scanning the molecule in constant-current mode.

XPS data were obtained with Al and Mg Kα radiation and a hemispherical electron energy analyzer (100 mm radius) operated at a pass energy of 20 eV. The analyzer was equipped with a position sensitive resistive anode detector for increased sensitivity. The energy resolution of the setup of 1 eV was concluded from the width of the Ag 3d peaks. The energies were calibrated using the Au 4f~7/2~ and Au 4p~1/2~ reference binding energies of 83.9 and 642.7 eV, respectively. The recorded peak areas were consistent with the atomic percentage of the different elements in the Au-porphyrin taking into account the different scattering cross sections and the sensitivity of the analyzer.

The complete adsorbate has been calculated within a density functional theory (DFT) approach using the Vienna *ab Initio* Simulation Package (VASP)([@ref37]) and the PW91 functional([@ref38]) of the generalized gradient approximation to model the electron exchange and correlation. Owing to its large periodicity, the chevron reconstruction of the Au(111) surface([@ref39]) could not be modeled within our calculations.([@ref16]) The Au(111) surface is modeled using periodically repeated slabs with a nearly square surface supercell with (8 × 4) periodicity and four layers thickness separated by 25 Å vacuum. The topmost two layers and all atoms of the molecule were allowed to relax during optimization to replicate the atomic mismatch of the chevron elbows at the adsorption site upon adsorption of the \[AuTPP\]^+^ complex. The electron-ion interaction is described by the projector-augmented wave (PAW) method.([@ref40]) For the Brillouin zone sampling, only the gamma point is used (energy cut off at 450 eV). The dispersive interactions not accounted for in DFT are modeled using a semiempirical London-type extension of the VASP code.([@ref41]) The charge of the molecular cation and the gold slab is determined by the total charge of the molecule--substrate system. We have compared total charges +1 and zero for which we obtained almost identical geometric and MO electronic structures. Herein, we relate to zero total charge of the molecule/substrate system.

Gas-phase DFT single point energy calculations were performed with the Gaussian 03 package([@ref42]) using Becke's three-parameter hybrid functional (B3LYP)([@ref43]) and fixed saddle-shape conformation of the AuTPP as obtained from our VASP calculations. A compound basis set was employed using Pople's 6-311+G(*d*,*p*) basis set for C, H, and N atoms, Los Alamos National Laboratory 2 (LANL2) relativistic effective core potentials([@ref44]) for the core electrons of the Au atom, and split-valence (double-ζ) basis sets for the valence electrons of Au.
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